SHARED CODEC IN MULTIPROCESSOR SYSTEMS 

Background of the Invention 

1 . Field of the Invention 

This invention relates to digital signal processing 
applications and, more particularly, to such applications in 
which a coder/decoder (CODEC) is employed to convert analog 
signals into a digital format (A/D conversion) to be manipulated 
with signal processing algorithms, and which is used to convert 
digital data back to analog form (D/A conversion) to be 
outputted. 

2 . Description of the Related Art 

As is known, many applications require a coder /decoder of 
this type to convert more than one signal path -- such as in 
telephony applications where conversion channels are oftentimes 
employed for speech processing, ring detection and battery 
monitoring. In a typical usage, a single processor interfaces 
either to a single CODEC in the processing system or to multiple 
CODECS. Where a single CODEC is employed, its design includes 
multiple channels which are time-division multiplexed amongst 
the various signal paths. Where multiple CODECS are used, on the 
other hand, a more expensive system results -- making the 
configuration generally unacceptable for consumer uses. Where 
the signal processing functions, furthermore, are handled by 
single processor, the performance of the system becomes reduced 
as bandwidth is consumed in transferring data back-and- forth 



between processors. Limitations thus follow in employing a 
single processor with multiple CODECS, or when employing 
multiple processors with either a single CODEC or a multiple 
CODEC system. 
Summary of the Invention 

As will become clear from the following description, the 
present invention describes a digital signal processing system 
which provides signal processing capabilities to multiprocessor 
systems by time-division multiplexing the conversion channels 
for a single CODEC among the various processors in the system. 
As will be more clearly seen, the D/A conversion channels are 
time-division multiplexed among the various processors, while the 
A/D conversion channels are accessible from any processor in the 
system. This follows from a recognition that because only one 
processor can send data to be converted to each analog output to 
be useful, multiple processors can operate on the same piece of 
data from the A/D conversion. 

In accordance with a preferred embodiment of the invention 
-- to be described below --, one processor is allocated to 
designate which processor controls which channel. That allocated 
processor then controls when the digital data is to be sent to 
the CODEC, and assures that the digital data coming back from 
the CODEC is sent to all the processors to be operated upon. In 
converting in one direction, then, the digital signal processing 
system of the invention will be seen to be selective; however, 
proceeding in the opposite conversion direction, the multiple 



processors will be seen to operate on the same bit of data. With 
the invention, therefore, a single CODEC is shared, being time- 
division multiplexed between multiple processors to enhance 
signal processing capabilities by assigning different digital- 
to-analog conversion channels to different processors for 
digital-to-analog conversion, while allowing all processors to 
operate on the same analog-to-digital data for analog-to-digital 
conversion, thereby resulting in chip area reduction and power 
consumption saving . 
Brief Description of the Drawings 

These and other features of the present invention will be 
more clearly understood from a consideration of the following 
description, taken in connection with the accompanying drawings, 
in which: 

FIGURE 1 is a block diagram illustration of the shared 
CODEC system of the present invention; and 

FIGURE 2 illustrates a CODEC frame helpful in an 
understanding of the operation of the time-division multiplexing 
of the invention. 

Detailed Description of the Invention 

In FIGURE 1, a digital signal processing system operative 
with four A/D-D/A conversion channels are set out, although the 
number of channels may be selected as needed, indicated by the 
"n" notation. Designated by the reference numerals 10, 12, 14, 
16 are four multiplexers, operative with a pair of abstract 
representations CORE 1 and CORE 2 (18 and 20) -- either as a 



digital signal processing core or as a micro-controller core as 
the case may be. On "power up" or on "reset", a main processor 
22 assigns which of the multiplexers 10, 12, 14, 16 in the 
system of FIGURE 1 is to send digital signals to each of the D/A 
channels in the single coder/decoder 30. FIGURE 1 illustrates 
the connection when the main processor 22 selects the 
multiplexer 10 (sel 1) while the designations u sel 2", "sel 3", 
and u sel 4", represent the respective controls for the 
multiplexers 12, 14 and 16 for outputs connected to terminals B, 
C and D of main processor 22, where terminal A connects directly 
to multiplexer 10. A plurality of registers 40, 42, 44, 46 are 
included to buffer the data from the core units 18, 20 for 
storing the digital to analog data, and for latching the data 
before it is coupled to the coder 30. The multiplexed analog 
outputs from the CODEC 30 are shown at 50, 52, 54, 56 as AOl, 
A02, A03 and A04 respectively. In operation, the controls sel 1, 
sel 2, sel 3 and sel 4 are configured to select the 
multiplexers 10, 12, 14 or 16 to select either of CORE 1 (18) or 
CORE 2 (20) to interface with the dacl, dac2, dac3 or dac4 
registers 40, 42, 44, 46 to channel the digital data to the 
CODEC 30 to be converted to the respective analog output. 

In accordance with the invention, the main processor 22 
also determines which of the three illustrative analog input 
signals at 60, 62 and 64 (All, AI2 and AIK, respectively), is to 
be used for the A/D conversion in CODEC 30. The A/D outputs from 
CODEC 30 are then coupled concurrently through their registers 



70, 72, 74, 76 (adcl, adc2, adc3 and adc4) through the 
demultiplexers 80, 82 back to the CORE 1 and CORE 2 units 18, 
20. These demultiplexers allow each core to select which A/D 
channels the core will read from. 

As will be appreciated, by sharing the single CODEC 30 
amongst several processors in this manner, a significant 
reduction in chip area results, along with a savings in power 
consumption. And, with the two sets of registers employed (40, 
42, 44, 46 and 70, 72, 74, 76), the processors described are 
able to read the data from one register while the CODEC 30 is 
updating the analog/digital data through the other registers 
. At the end of a CODEC frame, the contents from the first set 
of registers can then be transferred to the second set of 
registers so that the CORES can continuously read from the CODEC 
30 without the possibility of meta instability states. 

FIGURE 2 represents an example of a frame in the described 
shared CODEC system of the invention in which the operation of 
the CODEC is time-division multiplexed between the A/D and D/A 
channels. In this respect, the CODEC 30 incorporates internal 
counters (as is known) to count the number of cycles in a frame, 
at the end of which an "interrupt pulse" is generated. Such 
"interrupt pulse" is synchronized to the clock of each core 
before being applied to the respective core's interrupt 
circuitry. Upon receiving an interrupt, each core will then be 
able to know when the CODEC has completed processing a frame. At 
this point, the core can process A/D data, or send out D/A data 



for the next frame by writing to a dac register. 

Considering, as an example, that CORE 1 is in control of 
the first two D/A channels and CORE 2 is in control of the 
remaining two channels, multiple D/A and A/D conversions operate 
with the present invention, at the same time. That is, with the 
time-division multiplexing afforded by the main processor 22, a 
small amount of time is first reserved for the A/D by register 
70 (adcl), followed by small amounts of time for A/D conversion 
by registers 72 (adc2), 74 (adc3) and 76 (adc4) in turn; then 
for the following D/A conversion, a small amount of time is 
required through registers 40, 42, 44 and 46 (dacl, dac2 , dac3 
and dac4), in turn. A shift to CORE 2 for register 44 (dac3) and 
for register 46 (dac4) follows, as indicated, for the assumed 
assignment of the D/A conversion for the illustrated period from 
CORE 1 by way of the D/A channel select processor 22. The frame 
indications i-1, i-2, i + 1 and i + 2 are representative of the 
frame structure for the CODEC with each frame producing 
basically a sample point arranged so that frame i-1 builds in a 
sample point for the previous frame while i+1 builds in a sample 
point for the next frame; during the previous frame or during a 
subsequent frame, the same type of processing arises as for 
frame i. For the other frame indicated, a similar structure 
exists as for the frame i, with the A/D conversions all being 
the same for the D/A assignments shown as illustrated by the 
channel select processor 22. At the end of every frame, an 
interrupt is generated to all the processors in the system for 



this described operation. Since the A/D data is double-buffered 
through the adc registers 70, 72, 74 and 76, either of the CORES 
1 and 2 can read the A/D data at any time; the double-buffering, 
furthermore, allows the CORES 1 and 2 to write D/A data to the 
5 dac registers 40, 42, 44 and 46 for use in the next following 

CODEC frame. 

While there has been described what is considered to be a 
preferred embodiment of the present invention, it will be 
readily understood by those skilled in the art that 

10 modifications can be made without departing from the scope of 

the teachings herein of employing a shared CODEC in the 

'I; multiprocessor signal processing system to enhance signal 

::: 
: ; 

]\ processing capabilities by time-division multiplexing between 

multiple processors through assigning different digital-to- 

*ls analog channels to different processors for D/A conversion, 

while allowing multiple processors to operate concurrently on 
the same analog- to-digital data. For at least such reason, 

U therefore, resort should be had to the claims appended hereto 

for a true understanding of the scope of the invention. 
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